Introduction
The complete or relative insufficiency of insulin secretion and/ or insulin action present in diabetes mellitus induces derangement in carbohydrate, protein and fat metabolism. The management in achieving better metabolic control is sustained by insulin therapy, insulin enhancer action agents (insulin sensitizers; thiazolidinediones), and new-generation of insulin secretagogue: glimepiride, acarbose and designer insulin (lispro and aspart), ghrelin, GLP-1 and its analogous exenetide-4. 1 Alternatively, patients, not responding to drug combinations, insulin infusion and affected by kidney failure, are treated with pancreas/kidney or islets transplantation. These procedures, although effective, are not suitable for the general diabetes population due to the inadequate supply of organs. Another problem is that transplantation procedures affect health and efficiency of islets. 2 The search for factors either promoting islets proliferation or survival during adult life is a major issue for both type 1 and 2 diabetes mellitus. Among factors with mitogenic activity on pancreatic β-cells, human placental lactogen (hPL) showed stronger activity when compared to the other lactogen hormones: growth hormone (GH) and prolactin (PRL). The aim of the present work is to elucidate the biological and molecular events of hPL isoform A (hPL-A) activity on human cultured islets. We used pure human pancreatic islets and insulinoma cell lines (βTC-1 and RIN, murine and rat respectively) stimulated with hPL-A recombinant protein and we compared hPL-A activity with that of hGH. We showed that hPL-A inhibits apoptosis, both in insulinoma and human islets, by the phosphorylation of AKT protein. Indeed, the antiapoptotic role of hPL-A was mediated by PI3K, p38 and it was independent by PKA, Erk1/2. Compared with hGH, hPL-A modulated at different intervals and/or intensity by the phosphorylation of JAKs/STATs and MAPKinases. Moreover, hPL-A induced PDX-1 intracellular expression, improving beta cell activity and ameliorating insulin secretion in response to high glucose stimulation. Our data support the idea that hPL-A is involved in the regulation of beta cells activity. Importantly, we found that hPL-A can preserve and improve the ability of purified human pancreatic islets cultured to secrete insulin in vitro. Several laboratories have demonstrated that b-cells can proliferate in response to physiological and pathophysiological stimuli (hyperglycemia, pregnancy and pancreatectomy). 6, 7 New β-cells may proliferate both during fetal and adult life, leading to the formation of new islets or "islet neogenesis", as a consequence of an increased physiological demand. [8] [9] [10] In adult animals, a mechanism of balance between β-cell loss/proliferation and neogenesis seems to exist: in rodents about 3% of β-cells are renewed every day. In rodents and humans the hyperplasia of β-cells that occurs during pregnancy is depleted postpartum by apoptosis. 11 and hyperinsulinemia with resulting hypoglycemia. 17 In humans, prolactin, PL and placental GH play a central role in the maternal food intake and insulin production, while placental GH is the major determinant of maternal insulin resistance during the second half of gestation. 18 The molecular pathway involved in lactogens transduction signal is known (JAK/STAT, IRS-1 and 2, PI3-kinase, MAPKs), [19] [20] [21] [22] [23] [24] [25] [26] as well as the signal transduction mechanisms activated by PL in β-cells. 27 Between the transcriptional molecules the pancreas/duodenum homeobox-1 (PDX-1) plays a critical role in the differentiation of the hormone-producing phenotype b-cell and modulates the expression of functional pancreatic genes including insulin. 28 Indeed, PDX-1 is a homeodomain-containing transcription factor and binds several elements in the insulin promoter. 29 Targeted disruption of PDX-1 in mice results in pancreatic agenesis, which precludes further analysis, but mice, with β-cell-restricted PDX-1 gene ablation, develop diabetes with age and exhibit impaired glucose tolerance. Furthermore, these mice showed abnormal islets architecture, reduction of insulin and glucose transporter 2 (GLUT-2) expressions. 30 There are several evidences supporting the fact that PDX-1 plays a fundamental role in pancreas development and in adult life maintaining β-cell functionality. [31] [32] [33] In this context of different therapeutic approaches in treating diabetes mellitus, in particular type 1, we show that hPL-A activates disparate signaling pathways in human pancreatic islets, yielding a pro-survival effect and ameliorating insulin response in cultured human islets.
Human placental lactogen (hPL-
A
Results
Cytofluorimetric analysis of apoptosis in insulinoma cell lines and human pancreatic islets treated with hPL-A. In order to evaluate the anti-apoptotic activity of hPL-A, we induced apoptosis by serum deprivation in mouse β-TC-1 and rat RIN insulinoma cells, and in isolated human pancreatic islets. We found that hPL-A was able to decrease about 50% the amount of apoptotic β-TC-1 cells in contrast to hGH (Fig. 1A) . Similar results were obtained with rat insulinoma RIN cells that were protected in a similar fashion by hPL-A and hGH (Fig. 1B) . We observed that hPL-A was able to protect human pancreatic islets from serum deprived-induced apoptosis (Fig. 1C) . Due to the shortage of human islets we did not perform experiments with hGH.
Western blot analysis of Akt, p38 and ERKs pathway involved in hPL-A and hGH signaling in β-TC-1 cells. We analyzed the activation of relevant signaling nodes involved in cell metabolism, growth and survival drawing a time course protocol to identify differences of hPL signaling with respect to hGH. Whereas, in β-TC-1 cells model, hPL-A and GH activate in a similar fashion IRS-1, IRS-2 and 52 kDa Shc isoform (data not shown), Figure 2 shows that the down stream molecular pathway activation of Akt, p38, Erk1 and 2 respond differently to the two hormones stimulation. hPL-A induced the maximum of Akt phosphorylation up to an half of hour of hormone exposure, while hGH generated the maximum Akt activity at 15 min followed by a decrease in phosphorylation signal ( Fig. 2A) . Protein p38 was phosphorylated with a peak at 15 min by hGH and then In this context, a great number of molecules play a determinant role: i.e., signaling and cell cycle regulators, pancreatic islets specific transcription factors (PDX-1) and growth factors: parathyroid hormone-related protein (PTHrP), hepatic growth factor (HGF), placental lactogen (PL), fibroblast growth factor (FGF), glucagon-like peptide 1 (GLP-1), betacellulin (BTC), insulinlike growth factors (IGFs), islet neogenesis associated protein (INGAP), epidermal growth factor (EGF). [12] [13] [14] Between the growth factors placental lactogen hormone (PL), produced only during pregnancy, is the factor mainly responsible for the mass increase of pancreatic islets and for improvement of their function. 15 PL isoforms are members of the growth hormone (GH) and prolactin (PRL) family. 16 It has been observed that targeted expression of PL in the β-cells of transgenic mouse induced an increment of β-cells proliferation, islets hyperplasia Figure 1 . Cytofluorimetric Analysis of insulinoma cell lines and of human pancreatic islets stimulate with hormones. The insulinoma β-TC1 cells (A) were serum deprived for 18 h without BSA and stimulated with 500 ng/ml of hPL-A or hGH at different times (24 and 48 h). After treatments, attached and detached cells were harvested, stained by Propidium Iodide/Triton-X100 and analyzed by a BD FACSCalibur; *p < 0.050 vs. SD and # p < 0.050 vs. hGH (n = 4). Rat RIN cells (B) were serum deprived for 18 h without BSA and then stimulated with hPL-A or hGH at 24 and 48 h. After treatments, attached and detached cells were harvested, stained by Propidium Iodide/Triton-X100 and analyzed by a BD FACSCalibur; *p < 0.050 vs. SD (n = 4). Human pancreatic islets, at 90% of clinical purity, (C) were serum deprived for 18 h without BSA and stimulated with 500 ng/ml of hPL-A at different times (24, 48 and 72 h). After treatments, attached and detached cells were harvested, stained by Propidium Iodide/Triton-X100 and analyzed by a BD FACSCalibur; *p < 0.05 vs. CTRL and # p < 0.05 vs. SD (n = 4). Data represent four different experiment with islets from four different donors.
30 min (Fig. 4C ) and hPL-A induced Erk proteins activation at 5 min of treatment, then the signal switched off after 15 min (Fig. 4E) .
Cytofluorimetric analysis of the anti-apoptotic molecular mechanism induced by hPL-A in insulinoma cell lines. In order to elucidate the molecular mechanisms of the anti-apoptotic activity of hPL-A, we induced apoptosis in mouse β-TC-1 cells by serum deprivation for 48 h, and we then treated these cells with hPL-A and the following inhibitors: LY294002 (LY), SB203580 (SB), PD98059 (PD), H89 (a PKA inhibitor) and Wortmannin (W). We found that both LY and SB strongly inhibit the antiapoptotic activity of hPL-A. The PD inhibitor was not able to reduce the anti-apoptotic activity of hPL, although we found that PD alone reduced the number of apoptotic cells induced by serum deprivation. Consistently we found that W, which was a less specific PI3K inhibitor, did not significantly influence the percentage of apoptotic cells (not shown). In contrast, H89, a specific inhibitor of PKA molecule, significantly did not inhibit hPL-A-mediated protection from apoptosis induced by serum deprivation in β-TC-1 cells (Fig. 5) .
hPL-A increases PDX-1 expression and improves insulin secretion in cultured human islets. In order to evaluate the ability of hPL-A in recovering and improving human islets functionality, we treated cultured islets with 500 ng/ml hPL given the signal dropped; whereas hPL-A induced p38 activation at 30 min up to 1 hour (Fig. 2C) . hGH leaded maximum phosphorylation of Erk proteins in the first quarter of time course; in contrast, hPL-A induced an earlier strong Erks activation and then the signal was maintained up to one hour (Fig. 2E) . In order to elucidate the molecular pathways activated by hPL-A, we treated β-TC-1 cells with hPL-A in the presence of the following inhibitors: Wortmannin (W; a PI3Ks inhibitor), SB203580 (SB; a MAPKs inhibitor), LY294002 (LY; a strong PI3Ks inhibitor) and PD98059 (PD; a MEKs inhibitor). We found that W, SB, LY and PD inhibited Akt phosphorylation, while W, SB and PD strongly inhibited p38 phosphorylation (Fig. 3) .
Western blot analysis of molecular pathway involved in hPL-A signaling in human pancreatic islets. Due to the paucity of human material, we do not have analyzed hGH stimulus and human pancreatic islets were treated with hPL-A to study the intracellular signal only through Akt, Erks and p38 molecules. The cultured human islet at clinical purity were synchronized by serum deprivation and the osmolarity was stabilized by BSA addition. hPL-A hormone was added to islets cultures at different intervals. Figure 4 shows that hPL-A induced the Akt protein phosphorylation, with a maximum at 5 min, then the signal was maintained up to 60 min (Fig. 4A) . Whereas protein p38 was phosphorylated at 5 min, from the hormonal stimulus, until treatment was renewed every 24 h; second, the phosphorylation of Akt and MAPKs can activate a number of cell survival mechanisms that induce a prolonged cell protection; and, third, in some conditions, apoptosis protection is evident only in the presence of a significant number of dying cells (after 24 and 72 h). Moreover, we observed that human islets showed a slightly later response to the hormonal treatment than the insulinoma cell lines. Once again, this could be explained by the fact that apoptosis was appreciably present after 48 h of serum deprivation. Equal important is the finding that human islets behaved differently to the cell line model. In fact, hPL-A sustained the Akt phosphorylation up to 1 h of treatment, while, in mouse insulinoma cell line, we observed a decreased phopshorylation signal after half an hour of hormonal stimulus. These data may support the putative role of hPL-A in reducing the apoptotic events in cultured islets before transplantation. Moreover, in human islets, our data showed that the simultaneous decrease of p38 activity and of Erk1/2 phosphorylation, assured cell proliferation without undergoing uncontrolled replication and inflammation. In mouse insulinoma cells, the decrease of Akt activity inhibits a proliferation stimulus. We observed that MAPK phosphorylation showed a plateau for at least 1 h of hPL-A treatment. The balance between cell proliferation and apoptosis was supported by hPL-A, which maintained a low number of apoptotic events in insulinoma cells for at least two days. The different behavior between the cell line models and human islets could be explained by the complexity of interaction and dialog of different types of cells present in an islet in comparison to a single β-cell type model. Downstream of the intracellular molecular pathway, we show that hPL-A and hGH induced the phosphorylation of every two days, and we evaluated PDX-1, insulin expression and Glucose-induced Insulin Secretion (GIIS) at basal conditions (0 day) and after 2, 4, 8 and 14 days. Cytofluorimetric analysis showed that hPL-A treatment induces a dramatic increase of PDX-1 expression with a slight decrease after 14 days of culture (Fig. 6A) . Consistently, we found that hPL-A strongly improved glucose-induced insulin secretion (GIIS) up to four days of culture ( Fig. 6B and Sup. 1) . Then the concentration of secreted insulin in hPL-A treated samples decreased to that of control islets. After eight days we observed an increment in insulin secretion both in control and hPL-A stimulated islets. Even though, the lactogen hormone treated islets still secreted slightly more insulin than the untreated islets.
Discussion
Our data showed that the phosphorylation of Akt and MAPKs induced by hPL-A promotes cell survival and maintains the number of living cells at the control value, by inhibiting the apoptotic process induced by serum deprivation. hGH did not show a similar strong antiapoptotic effect in our experimental condition. This is in agreement with the evidences that the activation of the prolactin receptor protects from apoptosis. Therefore, the activation of the prolactin receptor that is induced by hPL-A could also plays an anti-apoptotic role on human islets.
According with the literature, the Akt phosphorylation signal pathway precedes the biological effects, such as apoptosis protection. 34 The evidence that the phosphorylation of Akt and MAPKs is present within one hour after hPL-A stimulation is in agreement with apoptosis protection at 24-72 h. Indeed, first, hPL-A of apoptotic events. The involvement of PI3K, and p38 pathways in the mechanism(s) of hPL-A-mediated apoptosis-protection was confirmed in the bTC1 cell model, by the observation that LY, and SB treatments did affect hPL-A antiapoptotic activity. Interestingly, we observed that the treatment with the MAPK inhibitor PD alone reduced serum deprivation-induced apoptosis: this phenomenon could be explained by the fact that the growth arrest induced by serum deprivation could be facilitated by MAPK inhibition, leading to a better survival or could be due to an additional effect of the inhibitor.
The role of lactogenic hormones (PRL, GH, PL) in the regulation of glucose homeostasis has been studied for many years. 18, 39 GH, PRL and PL are powerful inducers of pancreatic β-cell replication without compromising the ability of β-cells to secrete insulin. 40, 41 It has been shown that the replication signal induced by GH/PRL to pancreatic β-cells activated the protein complex Jak/Stat. In particular the intracellular signal activated by hGH involves different molecular pathways based on the specific cellular type (i.e., hepatocytes and adipocytes). 20, 42 It has been established that PRL and PL recognize a common PRL-Receptor and activate several downstream signaling pathways including JAK2/STAT5, PI3K/AKT, ERK1/2, Adenylyl cyclase/cAMP AKT and MAPKs leading to the activation of metabolism, growth and proliferation. These molecular events can explain the physiological effects, mediated by lactogen hormones that have been reported in b-cells. Another intriguing aspect of this pathway is the role of p38 protein. We observed a strong p38 phosphorylation induced by hGH and/or hPL-A, then partial de-phosphorylation of the molecule with the activation of MAPKs. The switching on/off of p38 activity may control the biological role of this protein. This would exert an anti-caspase-3 role and promote cell-growth. 35 Otherwise, it has been shown, that in pancreatic islets in vivo the prolonged activation of p38 may lead to a pro-inflammatory process induced by resident macrophages that release cytokines. 36 Moreover, the preferential activation of p38 MAPK isoform may be regulated by different stimuli and/or signal strength. 37 Also of interest here is our observation that in presence of protein inhibitors of the PI3K and MAPK molecular pathways both Akt and p38 activity were inhibited. This may suggest a connection between p38 and Akt not yet extensively described in reference 38, and requiring further investigation.
The phosphorylation of Akt by hPL-A in insulinoma cell lines and in human pancreatic islets may induce the inhibition the evidences reported about the molecular and functional role of PRL on human islets and islets insulin secretion, [45] [46] [47] we observed that hPL-A and hGH in mouse insulinoma cell line model activated the same intracellular molecular pathway of insulin substrates cascade proteins, with a higher preferentially activated IRS1 pathway (data not shown). This is evident from the strong and prolonged MAPK phosphorylation induced by hPL-A. IRS-1 activation induced by hPL-A matches the fact that the transgenic mouse with targeted expression of PL in the β-cells, showed β-cell proliferation, hyperplasia, hyperinsulinemia and hypoglycemia. 17 Protein Stat-1 was activated by hPL-A, whereas hGH induced Stat-1 phosphorylation only for a few minutes of hormonal treatment. Protein Stat-3 was significantly activated by hPL-A and not by hGH. It has been reported that Stat-1 supports the inflammation state of pancreatic β-cell in diabetes. 48 However, our cell line model showed very healthy conditions. and Protein Kinase/Intracellular Calcium. 27 Moreover, lactogens have been implicated in the pro-survival effect in cell types other than pancreatic β-cells. 43 In particular, it has been demonstrated in a mouse pancreatic β-cell model, that lactogens drive their protective effects through the JAK2/STAT5 pathway. 44 In our insulinoma cell line model, hPL-A treatment strongly resulted in a more prolonged and significant phosphorylation of the protein JAK2, whereas, in the same experimental condition, Jak1 and 3 were not phosphorylated by both the hormones (data not shown). We observed that hGH and hPL-A induced significant different response in the downstream JAK effectors STAT1 and STAT3. In fact, hPL-A induced a higher and more prolonged phosphorylation of STAT1 than hGH and STAT3 activation was significantly induced by hPL-A treatment only (data not shown). Moreover, we found that STAT5b, induced by hPL-A, reached higher and earlier activation than hGH (not shown). Based on Figure 5 . Apoptosis protection induced by hPL-A was blocked by the inhibition of PI3K, p38 and MAPKs pathways, in insulinoma bTC1 cell line. The insulinoma β-TC1 cells were serum deprived (SD) for 48 h without BSA and stimulated with 500 ng/ml hPL-A and 50 nM LY294002 (LY) or 500 nM SB203580 (SB), or 200 nM PD98059 (PD) or 500 nM H89. After 48 h, both attached and detached cells were harvested and analyzed by a FACSCalibur, using the Annexin-V/Propidium Iodide apoptosis kit (Sigma-Aldrich), following the manufacturer's instruction. In (A) typical dot-plots are shown: early apoptotic cells were positive for Annexin-V-FITC only (box). For CTRL sample (not shown) we found that cells stained by Annexin-V-FITC were about 15%. The percentages of apoptotic cells are showed in (B); *p < 0.05; # p < 0.05 vs. SD/hPL (n = 4). One representative dot plot of four different experiments is visualized.
anti-rabbit-horseradish-peroxidase conjugate, the FPLC instrument and the chromatographic columns were purchased from General Electric HealthCare (GE Healthcare). The molecular inhibitors LY294002 (LY), SB203580 (SB), PD98059 (PD), H89, Wortmannin (W) were purchased from Calbiochem.
Cell lines and human islets. The murine bTC-1 and rat RINr1046-38 insulinoma cell lines were kindly provided by Dr A.L. Notkins (NIH, USA) and S. Efrat (Tel Aviv University, Israel). Human islets were isolated using the automated method as previously described in reference 54.
Cytofluorimetric analysis. Apoptosis was analyzed by fluorescence-activated cell sorting (FACS) analysis of DNA content and by Annexin-V staining. The bTC-1 or RINr1046-38 cells (0.5 x 10 6 ) were plated in T25 flasks (Falcon), incubated in serum-free medium DMEM (low glucose) (GIBCO, Invitrogen Corporation) without BSA for 18 h in 5% CO 2 /93% air at 37°C and stimulated with or without human growth factor (hGH) (Sigma) and hPL-A (500 ng/ml) at 24 and 48 h. Human pancreatic islets, at 90% of clinical purity, were serum deprived with no BSA, for 18 h and stimulated with hPL-A 500 ng/ml at 24, 48 and 72 h. After treatments, insulinoma cells and human islets Therefore, it is possible that Stat-1 was counteracted by the prolonged activation of Stat-3 and 5, and MAPKs. Stat-3 has been shown to exert a relevant role in sustaining glucose levels, regulating the glucose sensor in pancreatic islets. The level of leptin in the central nervous system thus shows the effect of this molecule in supporting, under hPL-A stimulus, the sensitivity of β-cells to glucose variation. 49 It has been reported that PRL is able to induce the upregulation of PDX-1. 50 Here we showed that hPL-A treatment on human islets also induced a striking increment in the expression of PDX-1. This evidence is supported by published data which demonstrated a critical role for PI3K/AKT in PDX-1 expression in b-cell development.
14 PDX-1 can activate insulin transcription, and it is required for maintaining the hormone-producing phenotype of b-cell. Furthermore, a number of new PDX-1 target genes have been recently identified, many of which contribute to energy sensing and insulin release in pancreatic β-cells. 51 Therefore, the increment of PDX-1 strongly suggests that hPL-A can improve islets functionality. As reported, PDX-1 can induce and/or improve insulin synthesis. 52 In agreement with these findings, hPL-A enhanced and sustained insulin secretion in human islets in culture, one of the main β-cell activities, for several days. The fact that at 14 days untreated islets also showed an increased stimulation index can be explained by the additional effects of culture stabilization. We consider that the improvement in insulin secretion may represent the physiological role of hPL-A.
In conclusion, hPL-A showed an apoptosis protective effect through PI3K pathway and a secretagogue effect on cultured human islets improving b-cell insulin secretion. Taken together these data highlight hPL-A as a promising molecule in the field of pancreatic islet survival.
Materials and Methods

Materials.
The plasmid phPL4828 (human placental lactogen), coding for the recombinant protein hPL (isoform A) was kindly provided by Genentech and purified in our laboratory as previously described in reference 53. The human growth hormone (hGH) and all the powder and chemical compounds were purchased from Sigma-Aldrich. The cell culture and molecular biology products were purchased from GibcoInvitrogen.
Anti-Akt, anti-Erk1/2 and anti-p38 and antibodies against phosphorylated forms of AKT (Ser473), p38, (Thr180/Tyr182), Erk1/2 (Thr202/Tyr204) were purchased from Cell Signaling Technology. The anti-phosphotyrosine RC-20 antibody was furnished by Transduction Laboratories. The primary antibodies IRS-1, IRS-2, Jak-1, -2 and -3 were purchased from Upstate Biotechnology. The primary antibody STAT-5b was purchased from Santa Cruz Biotechnology. The secondary antibody Figure 6 . hPL-A increases PDX-1 expression and improves Glucose induced insulin secretion (GIIS) in cultured human islets. Human islets were cultured in DMEM low glucose (5 mM) and 500 ng/ml of hPL-A was added every two days. After 2, 4, 8 and 14 days of treatment, cells and culture media were harvested and analyzed. We found (A) a dramatic increment in the intracellular expression of PDX-1, assayed by FACS; *p < 0.050 and **p < 0.010 (n = 4). Consistently (B) we found, by an RIA kit, that hPL-A improves insulin secretion after glucose (25 mM) challenge; *p < 0.050 and **p < 0.010 (n = 4). Data represent four different experiment with islets from four different donors.
SDS-PAGE and probed with anti-AKT, Erk1/2 and p38. The proteins were visualized by ECL (GE Healthcare). To analyze signal induced in βTC-1 cells through PI3-Kinase and MAPKs we used 50 μg of βTC-1 protein lysates, obtained from cells serum deprived (SD), treated for 30 min with 200 nM Wortmannin or 50 μM SB203580, or 50 μM LY294002, or 20 μM PD98059 and then incubated for 30 min with 500 ng/mL of hPL-A.
Insulin secretion analysis. Before treatment, human islets were analyzed for their viability (propidium iodide), purity (dithizone staining) and quality (insulin and PDX-1 expression). About 120 islets were plated in each well (9.6 cm 2 ) and cultured in DMEM low glucose (5 mM) plus 10% FBS and 1% Penn/ Strep, in a humidified incubator at 30°C with 5% CO 2 . After 24 h, 500 ng/mL hPL-A was added, and this treatment was renewed every 2 days. After 2, 4, 8 and 14 days of treatment, both control and hPL-treated islets were starved for 3 h in glucose-free HEPES-Krebs buffer and then challenged with HEPES-Krebs buffer 25 mM glucose for 1 h. Secreted insulin was estimated by an RIA kit (Institute of Isotopes Co., Ltd.), and normalized with protein concentration. In order to assess the sensitivity of islet b-cells to glucose stimulation, we calculated the stimulation index using the ratio of the insulin secretion stimulated by 25 mM glucose for 1 h, to zero glucose.
Statistical analysis. Data are expressed as means ± standard deviation. Statistical analysis was performed by one way ANOVA followed by the Newman-Keuls's post hoc test. Values of p < 0.050 were considered significant. were provided from the Islet Processing Facility Milan Program through the JDRF award 6-2005-1178 (ECIT; Islet for Research program).
Note
Supplemental materials can be found at: www.landesbioscience.com/journals/islets/article/16900 were trypsinized (trypsin-EDTA 1x, GIBCO), centrifuged at 1,200 rpm for 15 min at 4°C and stained with propidium iodide (100 μg/ml in PBS) for 20 min at 37°C in the dark. Analysis of DNA contents in propidium iodide-stained cells was performed by FACSCalibur (Laser Argon 488 nm, BD). Cells with a lower DNA content (sub-G 1 region) were considered apoptotic. The presence of necrosis phenomena were excluded by trypan blue staining (data not shown).
We studied the mechanism of hPL-A protection from apoptosis by FACSCalibur, using the Annexin-V-FITC/Propidium Iodide method (Sigma-Aldrich). Cells were serum depleted over night and the day after treated with 500 ng/ml of hPL-A and/or the following inhibitors: 50 nM LY294002; 500 nM SB203580; 200 nM PD98059; 2 nM Wortmannin; 500 nM H89. Inhibitors were added 30 min before hPL-A. Then treated cells were maintained in serum-free medium for 48 h before analysis.
The intracellular expression of PDX-1 was assayed by cytofluorimetric analysis. Briefly, at the end of each treatment, cells were harvested, fixed by paraformaldheyde (2%) and permeabilyzed by Tween-20 (0.1%). After treatment with blocking solution, cells were incubated with rabbit-anti-human PDX-1 (Chemicon). Isotype identical antibodies served as control. Then cells were washed, incubated with the appropriate fluorescent secondary antibody and analyzed by FACS.
Immunoprecipitation and immunoblotting. To determine the molecules involved in the intracellular b-cell signalling cascade mediated by hPL-A and/or hGH, the bTC-1 cells were serum starved for 18 h in the presence of 0.1% BSA and stimulated with 500 ng/ml of hPL-A or hGH for different times (5, 15, 30, 45 and 60 min) . Then the cells were washed with ice-cold wash buffer (137 mM NaCl, 20 mM Tris pH 7.6, 1 mM MgCl 2 ) containing proteinase inhibitor (100 μM Na 3 VO 4 ), they were then lysed with 300 μl of Lysis-Buffer (wash buffer, 1.5% NP 40, 10% glycerol, 2 mM EDTA), containing proteinase inhibitors (2 mM PMSF, 2 mM Na 3 VO 4 , 10 mM NaPP, 10 mM NaF, 8 μg/ml leupeptin) and incubated on ice for 20 min. The protein concentrations were then measured using the Bradford method. 55 Soluble proteins (1.0 or 2.0 mg) were incubated over-night at 4°C on a rotating device with the antibody JAK-2, IRS-1 and -2, SHC, STAT-1, -3 and -5b and then added with 100 μl Protein A (GE Healthcare) for 2 h at 4°C. The proteins immunoprecipitated (IP) were analyzed by 7% SDS-PAGE. The blots were first probed with the horseradish peroxidase-conjugated antiphosphotyrosine antibody RC20H (Transduction Laboratories), stripped with stripping solution (PIERCE), and then reprobed with specifics antibodies. To determine activation of AKT and MAPKs (Erk1/2 and p38), the proteins were separated by 10%
